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INTRODUCTION

The large increase in automobile and industry, etepi of fossil fuel reserves and increasing thgce
in recent years has resulted in great demand toolpeam products. Indian annual condition for pletoon products
is about 125 million metric tons, of which, the gbé consumption is approximately 50 million ton€ke Indian
states alone consume about 10 million barrels logpexi day, of which, about 60% is used in transgarh, while
the world’s oil utilization amounts to 100 millidvarrels per everyday. The exhaust gases from tioenabiles and
industries affect human body and give rise to agintss diseases. In addition to considerable COXgmis,
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significant quantities of CO, HC, NOx, PM and otla@rtoxins are emitted from automobiles in to #tmosphere, which
leads to severe health difficulties. In recent geadding nanoparticles to fluid fuels has beenfdlbas of much test and
outcomes have been reported. By means of usingoastices, with a high surface area to volume ratin considerably
increase contact between the fuel and oxidizeadufition, nanoparticles a effects the time scaleheimical reactions, and
as a result, the ignition delay time will decre23dihe studies cited have shown that blended moispynb oil fuels and

nanoparticles promote fuel combustion. To our kalgk, attractive nanoparticles have not been ustaiey So in this

study, a copper oxide nano particle is added teedlituel, to explore the effects on engine perfaroeaand exhaust

emissions of a diesel engine.
PYROLYSIS SET UP AND EXPERIMENTS PROCEDURE

The reactor is made of steel material placed orgtband with high temperature meter. The outlethefreactor
is straight connected to the counter flow condensiéng a stainless steel tube, which can withstagh temperature.
Another one of inlet is connected to the reactonfithe nitrogen cylinder. The condenser is firmdywected with the aid
of alloy gasket. The flow of water is directed amgito the direction of Pyrolysis gases. In thisdRgsis apparatus,
chipped mosambi peel material is full in the reaatdially, and then reactor has closed with tlieeghold to of bolt. Here,
gasket was worn to prevent leakage. Then, supplggan gas from the cylinder to reactor for theetiperiod of 2 to 3
min, subsequent to its close. Switch on the eledtsupply, initially set the temperature up to 850n the temperature
controller. For condenser, water is supplied froietito outlet. Gases are collected in the cyliné@mally, note the time
taken to reach the temperature up to 550°C. Codiimg of the reactor is 10 to 11 hours. Finally, ke collected the

Pyrolysis oil, char and syngases.

Figure 1: Pyrolysis Setup

Fuel Formulation

Pyro oil can be prepared with stable and homogesaapension of copper oxide in base diesel andnmizs
pyro oil was made using ultrasonication for 20 nsuand magnetic starrer 1000 rpm speed for 20tesnComposition
of the fuel was nanoparticles of 0.35wt%, and dissel. Physical properties of the nanofuel aremiin Table 1. For
preparing them,MDC10 (10%MPPO+100PPM+ 90D), MDC20%MPPO+200PPM+80%D) and MDC30 (30% MPPO
+ 300PPM + 70% D)were taken in a container. Stalileoreparation may be obtained by stirring the tomie for 20
minutes, and the stability of the homogeneous mixtMas found as stable for six month. Above 30%nding fuel not

stable long time. Table 2 shows that, for fuel grbies of nana pyro oil blend. All properties ohngpyro fuel blends are
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near than that of diesel fuel.
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Figure 2: Fuel Preparation

Figure 3: Nano Pyro Fuel Blends

Tablel: Physical Properties of Nano-Particles and
Nomenclature of Selected Nanofuels

Metal Cu
Particle size (nm) <50
Atomic mass (g/mol) 79.55
Bulk density (g/cm3) 6.31
Metal melting point (C)| 1201
Oxide formed CuO
Oxide melting point (C) 200

Table 2: Physical Properties of Nano-Particles Bleded Fuels

Fuels | Density(kj/kg) | Viscosity(cst) | Calorific Value(kJ) | Flash Point | Fire Point
Diesel 836 3.45 43500 52 58
MCD10 846 3.56 43800 50 55
MCD20 912 4.5 42500 58 63
MCD30 948 4.9 41700 61 65

Engine Test Setup

Engine performance were calculated on a singlerdgh, four-stroke, water cooled at a stable spé&g Tpm
direct injection diesel engine. In order to find thie engine torque, test engine was attached terwaoled eddy current
type dynamometer. The setup also comprised piezobuastion instruments analyzer for combustion pnessand
crank-angle measurements that were interpret tduyse P diagrams. The stand-alone panel box of test sedupist of
air box, fuel tank, manometer, fuel measuring unémsmitters for air and fuel flow measurementecess indicator and
SCOPUS Indexed Journal
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engine indicator. The engine tests were performéally with clean diesel at fully throttled ana hoad conditions, and
then nano pyro fuel was fed through a separateféael line. Prior to run the engine with a new fitalvas allowed to run
for adequate time to consume remaining fuel froemgreceding experiment. The entire experiments warged out by
varying the loads at a constant speed of 1500 mpravaluate the performance characteristics suchpasific fuel
consumption, brake power and exhaust gas temperaind brake thermal efficiency. Engine performaacalysis
software was used for online performance evaluatidore than three run of tests were performed urnlderidentical
conditions, and the repeatability of all resultgyaeters was found. The emission characteristiGmike, CO, NOx and

HC were measured using an Exhaust Gas Analyzer.

Figure 4: Photograph View of Engine Setup

Table 3: Specification of the Diesel Engine

No. of Cylinders 01
Bore 87.5mm
Stroke 110mm
Compression ratig 17.5:1
Rated power 4.4 KW
Injection pressure 160 bar
Rated speed 1500 rpm
Injection timing 27° BTDC
Orifice diameter 13.6mm

Uncertainty Analysis

For the entire experimental outcomes, care wasntd&efree them from posse’s errors. These erroesodr
systemic and random nature. The systemic errors warected by calibration method. The uncertaintighe results due
to random errors are obtained statistically. Uraigties in the measured parameters from the expetsnwere estimated
with confidence limits of = & (95.5% of measured data lie within the limits oPa around the mean). The percentage
uncertainty in the measured parameter was estimaied the equation

i

20x
Axi (%) = — X 100
X.

1

Where, X - Mean of measured quantity

o - Standard Deviation
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In order to containreasonable limits of uncertainty for ttfcomputedvalues obtained from the measu
parameters, the uncertainties wekaluat based on Kline and M€lintock method[3].The uncertainties for some of

measured and computaantities from thexperiment are shown in Table 3.

Table 2: Uncertainty in Engine Parameters

Parameters Uncertainty Analysis (%)
Engine spee 1500+1.2%(rpm)
Brake powe 2.511.2%(kW)
Fuel flow rat 0.52+2.0%(g/Sec)
Smoke Opacit 40+1.3%(%)
Oxides ofNitrogen 405£1.0%(ppm)
Hydrocarbol 100+0.8%(ppm)
Carbon Monoxid 0.12+0.8 % (%)

RESULTS AND DISCUSSIONS

Combustion Characteristics

Figure 5shows thatariation in cylinder pressure with change in cramgle for nan pyro fuel and diesel.
The peak cylinder pressures at full load condifianthe nan pyro fuel and diesel were around 69,, 58 and 43 bars,
respectively. Decline ingak cylinder pressures w: noted down with nanofueds compared to dieseThe nanofuel
reduces the chemical setbaoériod that exerts a greaffluence on the combustion phenomena of Compresgiuitidn
engine as well as on the rate of pressure riseausecthe longer the delay, more rapid higher pressure rise occur.
Decline in the peak pressuredscredite to the fact that both physical and chemical deldgsrease wit addition of
nanoparticles. Hencehe improved igition properties of energetic Cu@anoparticles initiate early combust, and
thereby reduce peak pressurkisis sen that MCD10, MCD20 and MCD3llowed the trencsimilar to diesel fuel.
MCD20 and MCD30resulted in lower peak pressure as compared to dieael. MCD1C increase the cylinder peak

pressure.
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Figure 5: Variation of Cylinder Pressure with Crank Angle

Performance Parameters

The difference in brake thermal efficienwith brake power for diesel, MCD10, MCD20 and MClican be seen
in Figure 6 There is an increase in brake thermal efficiewith all the tested fuels with increase in engitaver. It is
seen that neat MCD1With 21% oxygen in the air resulted higherbrake thermal efficiency as compared to neat diet

all power outputs. ie maximum brake trmal efficiency was found as 31% the maximum power output of < KW,
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where as it was 30.5% with neat diesel. MCD20 and MCD30shows thatduction in brake thermal efficiency is t

results of poocombustion of the injected blerd nano pyro oil due to its high viscositensity and poor volatility [.
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Figure 6: Variation of Brake Thermal Efficiency with Brake Power

It is seen that there is an improvement in bralantal efficiency withCuOnano fluid: at all power outputs.
At the maximum power output of 4[N the maximum brak thermal efficiency was as 29% and 28.5 % respsy.
The improvement in brake thermal efficiency wCuOnano pyro oitan be explained by the changes occurring ir
combustion process of the MCDuyael to the availability of more oxygen in the contiirs chambe, which resulted in
complete combustion of the MCIt was suggested that retarding the timing caachpensate the heat loss. How, at
low power outputsthe brake thermal efficiency wast affected.
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Figure 7: Variation of Specific Fuel Consumption with Brake Powet

For all MCD10, MCD20 and MCD30fuels, the SFC desesawith an increase in the engine load, whileBihE
increases with the increasedngine load for all MCD fuels. This clear from the detail that the increase in fuelurszd
to operate the engine is less than the inc in brake power at higher loadgsiding a CuOnano particle to diesel fuel \
decrease the SFC. The decrease in SFC can be theefositive ffects d nanoparticles on physical properties of fue,
and also reduction of the ignition delay time, whlead to more complete combustion [7]. In additibrtan be due t
effectsof nanoparticles on fuel propagation in the combusthamber. On the ott hand, nanoparticles added to die
fuel increase the blendomentum and, consequently, diffusion depth in the cylinder.
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Figure 8 shows the increase in Exhaust gas Tempesdf engine with load. It could be subject fritrafigure

that Exhaust gas Temperatures increases with mabloth diesel as well as nano pyro fuel, cleatlg tb increase in tr
combustion temperature. The remains of | pyro fuel droplets which are formed due to microexplasaf primary
droplet generate secondaytomation of loci flames, which further increase combustiemperature. Rise temperature

at full load canditions has been observed as : for nano pyro fuel, as compared to diesel.
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Figure 8: Variation of Exhaust Gas Temperature with BrakePowet

Emission Parameters

The smoke emission resudtefrom combustion of diesel, MC with CuO nano particl is depicted in the
Figure 9.Smoke opacity increased with increase in engineepomith all theMCD10, MCD20 and MCD3 fuels.
The increment in smoke emission with engine powetue to the amount of fuel injec, to be more with the raise in

power. It is seen thasmoke level was lower at all power outputs with M CuOnanoparticl, as compared to neat diesel.
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Figure 9: Variation of Smoke Number with Brake Power

However, considerable reduction in smoke emissias moted with MCD in oxygen content of p oil engine
operation at all power outputs. The main reasontter reduction in smoke emission with the oxygenteot of fuel
mixture is due to the improvethixture preparatic, which reduced the restrictefdel rich regions present in tl
combustion chaber. Due to the oxygen content of pyro oil comimmstvas complel, and hence the smoke emiss
At the maximum power outputhe smoke emission was noted as 69%, 64% and 6§8éctvel,, with MCD10, MCD20
and MCD30 fuels.
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The oxides of nitrogermisson of the engine operating on diesIiCD10, MCD20 and MCD30 arNOx
emission increased with increase in engine powerafiothe fuels. This is due to the raise in pegkle temperatur
resulted from more energy releaseamcount of more fuel burnt. MC10 resulted in lower NOx emission as compare
neat diesel at all power outputst peak power oi, the NOx emission was found as 426 ppm with MCD10 45& ppm
with diesel fuel.The reduction in NOx emission wiMCD10 was due to the complete combus of fuel due to high
calorific value of the fuel and low viscosity andrdity of the blended fu The increase in NOx concentration in
exhaust can be explained very well by the incréadmulk cycle temperatu, immediately after combustiollt could be
argued that at thbeigher loads, burning temperatures in the combustltamber increases with load and facilitate I
emissions, according téeldovich thermal mechanism [8]. An increase of &¥s observed in NOx emission with M(
20 and MCD30 nanofueds compared to diesel fu
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Figure 10 Variation of Oxides of Nitrogen with Brake Powet

The variation of HC emitteftom diesel MCD10, MCD20 and MCD30is shown in Figure. The HC emission
increased with increase in engine pc, for neat diesel andMCD10, MCD20 and MCD3. MCD10 emitted at
atmospheric oxygeconcentration resulted in lc hydrocarbon emissions at all operating condii, as compared to neat
diesel fuel At the maximum power outg, the hydrocarbon emission was found appéh witl neat diesel and 85 ppm
with MCD10. The main reason for th@wver hydrocarbon is due to the resultaafmplete combustion (MCD10. The low
viscosity and high volatility oMCD10resulted in fast combustion and redt the hydrocarbon emissiorHydrocarbon
emission was reduced in case of neat bi, comparedo diesel operation due to fuel bound oxygen, wiieproves the
combustionand reduces the fuel rich zo[9]. HC is slightly higher at peak load for MCD20 and BID, this may be
credited to the fuel spray thdbes not propagate deeper into the combustion ofr, and gaseous hydrocarbons rern

along the cylinder wall and the crevice voli, left unburned and micro explosion of fuel[l
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Figure 11: Variation of Unburn Hydrocarbon with Brake Powel

Figure 12shows the variation of carbon monoxide emissiorhwitesel, MCD10, MCD20 and MCD3( CO
emission increased with increase in engine powendat diesel anMCD10, MCD20 and MCDa3. The increment in CO
with raise in engine powes idue to the amount of injected fuel to be r, which resulted in fuel richnesMCD20 and
MCD30 resulted in higher carbon monoxide emiss, as compared to diesel at all power outputs. IthEexplained the
MCD20 and MCD30due to its poor energy cont, resulted in more fuel to be injected for the sarogvgr output
This behavior has led to fuel richness and resuttedore carbon monoxide emissions. At the maxinpawer outpt, the
carbon maoxide emission was found a.12% with MCD10 for the atmospheric condition and (% with diesel.
As explained alreadyhe enrichment in oxygen helped in complete oxatabf the carbon present in the injecMCD20

and MCD30, andesulted in complete combust, hence the trend.
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Figure 12: Variation of Carbon Monoxide with Brake Powel

Figure 13 indicateshe trend of heat release rate usMCD10, MCD20 and MCD as fuel at the maximum
power output. The heat releaseeratas analyzed by making the first analysis of the average pressuersus crank
angle variations [11]. The initial drop heat release rate in Figure reflected the temperature drop due to vaporizaiic

the injected fuels. It is seen thdCD20 and MCD3 resulted in reduced premixedmbustion phast
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Figure 13: Variation of Heat Release Rate with DifferenNano Pyro Fuel

This is due to high viscosignd poor volatility of MCI, as previously explained. The diffusion combustibage
was found as significantiue to slow burning characteristics of the MCD2@d MCD30. It is clearly seen tt, MDC10
and diesel fuel resulted in maximum rate of hekgtaise and the fracti of fuel burned during the primary period of ti,
whereas the premixed combustion rate lower and the diffusion combustion rate was sligitigher for MCD20 an
MCD30as compared to MCD10. There was a delay irt sfaignition withMCD2(, and it was increased further wi
MCD30. The reduction in cetane number caused thiciag delay to prlong with the nano particle of MC, as compared
to diesel fuel. The reduction in premixed combustiate of the nano particle of MCD20 and MCD30 barexplained b

the high viscosity and density of the fi, which resulted in combustion to be more ie ttiffusion combustion pha:
CONCLUSIONS

The MPPO oil (both obtained by heating between €58Ad 550°C and on fast pyrolysis method) haslikel
properties worth a detail study. The maximum o#lgs of about 60%~ 25-30% obtained up to 350°C plu0%
obtained on pyrolysis) have been achieved. A teatpez of 550°C for pyrolysis is optimum yieldingetmaximurr

percentage of oil.

Influence of Nano particlen performance, emissions and combustion charatitsriof a diesel engine fuells

with MCD (MPPO+ CuO+ D) wastudie(, experimentally. The following conclusions are madsed on the finding

The brake thermal effiency was found as 39 with MCD10, whereasit was 30.5% with diesel at tt
maximum power output of 4.KW. The smoke emission w noted as 75% with diesel and 69% with MCI at the

maximum power output.

The SEC for MCD10s 0.235k¢vkW-hr, and for diesel 0.284kg/k\Wr at full load. The SEC increases by ak
0.06% with MCD20 and MCD30.

The EGT is lower foMCD10 compared to that of diesel at full loddCD20 and MCD30 are higher than die

fuel.
Carbon mongide is decreased by about 10% for MCI compared to that of diesel, at full lo
The NO emisi®n is less than by about % for MCD10, compared to diel, at full loar condition.

Smole opacity is lowered by about% for MCD10 comparetb that of diesel, at full load operati
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